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Abstract 
 
ENERGY EFFICIENCY IN THE KINGSPORT HOUSING AND REDEVELOPMENT 
AUTHORITY (KHRA) RIVERVIEW PLACE: ACTUAL VS. PREDICTED 
 
Sean Collins 
B.S., East Tennessee State University 
M.S., Appalachian State University 
 
 
Chairperson:  Dr. Marie Hoepfl 
 
 
 Annual energy costs are rising and threatening the affordability of public housing and 
are subsequently increasing subsidy payments from the government.  Action needs to be 
taken to reduce energy consumption and to improve the energy efficiency of low-income 
housing.  This is the case with the Kingsport Housing and Redevelopment Authority 
(KHRA) in Kingsport, Tennessee.  In 2010, KHRA completed construction at Riverview 
Place of 38 energy-efficient housing units.  Although designed for energy efficient operation, 
energy use in some of the units far exceeds projections and results in utility bills for tenants 
that are much higher than their subsidies cover.  The purpose of this study was to determine 
the underlying factors related to energy consumption in the Riverview Place development.  
With spending decisions based on grant money received, city financial support, and annual 
operating and upkeep costs of the development, this study sought to provide 
recommendations addressing cost-saving energy efficiency measures and programs.  To do 
this, a survey was distributed to the primary tenant of each of the 38 units.  The 2013 
monthly and annual energy consumption data for each home within Riverview Place was 
 v 
used to choose six units for building performance testing.  These six units were subjected to 
air leakage testing, including a blower door and duct blaster test.  Upon review of the actual 
energy consumption reported per unit, it was found that KHRA allotted energy subsidies 
based on projections that did not include use of air conditioning.  With an adjusted allotment 
that included air conditioning, the number of homes that exceeded the utility allowance in 
July 2013 fell from 30 homes to 19 homes, and in August 2013 it fell from 28 homes to 15 
homes.  In order to better explain why such a large percentage of tenants exceeded utility 
allowances in Riverview Place, this study highlighted two major points.  First, KHRA should 
allot utility subsidies that reflect actual tenant behavior; specifically, use of air conditioning 
in summer months.  Second, KHRA should implement education programs for tenants 
regarding energy efficiency and the need to follow certain energy-efficiency strategies.   
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CHAPTER 1: INTRODUCTION 
Energy consumption and efficiency in subsidized low-income housing is a growing 
concern, with the US government reportedly spending over five billion dollars a year on 
operating subsidies for low-income housing units.  The majority of funds are sent to local 
public housing authorities, which allocate around 30% of their total budget to assist tenants 
with payment of utility bills (Chen & Ma, 2012).  Annual energy costs are rising and 
threatening the affordability of public housing and subsequently increasing subsidy payments 
from the government.  Action needs to be taken to reduce energy consumption and to 
improve the energy efficiency of low-income housing.  The US Department of Housing and 
Urban Development (HUD) has no mandated standards or guidelines for taking these actions, 
so the bulk of the work falls to local public housing authorities (Gurian, Langevin & Wen, 
2013).  This is the case with the Kingsport Housing and Redevelopment Authority (KHRA) 
in Kingsport, Tennessee.   
 
Statement of the Problem 
 In 2010, KHRA (Kingsport Housing and Redevelopment Authority) completed 
construction at Riverview Place of 38 energy-efficient housing units (Figure 1).  These units 
range in type from duplex to single-family homes and range in size from three bedrooms to 
five bedrooms.   
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Figure 1. A street view of Riverview Place development. 
 
Although designed for energy efficient operation, energy use in some of the units far 
exceeds projections and results in utility bills for tenants that are much higher than their 
subsidies cover.  Factors that could contribute to the excess represented on utility bills 
include individual tenant behavior, building performance measures, size of individual units, 
and provided appliances.  A better understanding is needed about the factors that contribute 
to this higher-than-projected energy use.   
 
Purpose of the Study 
The purpose of this study was to determine the underlying factors related to energy 
consumption in the Riverview Place development.  By analyzing any outliers, or those units 
that have a wide variance between their actual energy use compared to the modeled/projected 
energy use, KHRA can determine the best course of action for increasing energy efficiency 
and lowering energy costs.  Building diagnostic research and tenant interviews were 
conducted in an attempt to identify causes for the variance and to indicate whether tenant 
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education, energy-efficient upgrades, or other strategies would be most effective to increase 
energy efficiency.   
A second aim of the study was to provide KHRA directors with a list of 
recommendations as they seek to expand upon the neighborhood revitalization model of 
Riverview Place in other public housing developments within the city of Kingsport.  With 
spending decisions based on grant money received, city financial support, and annual 
operating and upkeep costs of the development, this study sought to provide 
recommendations to address cost-saving energy efficiency measures and programs. 
 
Research Questions 
1. How energy efficient are the units at KHRA’s Riverview Place, based on a 
comparison of actual energy use and modeled/predicted energy use? 
2. When actual energy use is significantly higher or lower than the predicted energy use, 
what tenant behaviors contribute to this difference? 
3. When actual energy use is significantly higher or lower than the predicted energy use, 
what building performance criteria contribute to this difference? 
4. Based on these findings, what recommended actions could be taken to reduce energy 
use in units using significantly more energy than predicted?   If these actions were 
taken, what would be the subsequent effect on utility payments for the affected units?  
 
Limitations of the Study 
 This research focused on one development within a single Public Housing Authority 
(PHA).  Expanding the focus to include additional developments or more PHAs would yield 
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added results that are potentially applicable to multiple public housing entities within the 
region.  The inability to compare the Riverview Place development to a similar, recently 
revitalized neighborhood in the Tri-Cities, Tennessee, region limits the degree to which these 
findings can be applied elsewhere.  In addition, the PHA studied is located in one climate 
zone, so any building performance criteria noted will only apply to other PHAs in the same 
climate zone.  Furthermore, the study relied on self-reported information from residents 
about their energy-use behaviors and, as a result, accuracy and objectivity could not be 
guaranteed, nor can the applicability of this self-reported data to other locations be assumed.   
 
Significance of the Study 
  The problem of varying levels of energy use across similar housing units has 
troubled staff members at KHRA since the Riverview Place development opened in 2010.  
Determining the likely causes of fluctuating levels of energy use between units could 
significantly benefit KHRA.  Also, the study attempted to determine which energy efficiency 
measures (EEMs) already implemented are performing as predicted and which measures are 
not, therefore giving KHRA an idea of which EEMs are most effective in terms of actual 
energy use reductions.  Due to the future plans that KHRA has for revitalizing Kingsport city 
public housing neighborhoods, this study provides KHRA with a baseline comparison for 
prospective developments in the area of energy efficiency.   
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CHAPTER 2: REVIEW OF LITERATURE 
 
Energy Use in Public Housing 
Energy efficiency in public housing developments is an important topic for 
researchers, building owners and operators, tenants, and taxpayers.  The US Department of 
Housing and Urban Development (HUD) reported spending over five billion dollars on 
energy for its assisted housing units in 2008 (Gurian, Langevin & Wen, 2013).  Most of that 
money is allocated to Public Housing Authorities (PHAs), who spend approximately 30% of 
their allotted budgets on utilities for public housing units within their system (Chen & Ma, 
2012).  As utility costs, particularly electricity, continue to rise, operating subsidies that the 
government provides are only expected to increase as well.  Improving the energy efficiency 
of existing and future public housing developments is the best course of action for reducing 
operating costs and lowering subsidy payments.  In 2010, the National Consumer Law Center 
estimated that a 20% reduction in energy consumption in low-income housing would save at 
least one billion dollars annually (National Consumer Law Center, 2010).  Focusing on how 
energy is consumed in public housing and determining what energy efficiency upgrades can 
be accomplished cost-effectively should be a national priority. 
Public housing in America was originally structured so that the federal government 
covered the cost of building housing projects, and the tenant then paid for operating costs 
(Schwartz, 2010).  This system lasted until operating costs began rising faster than tenant 
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incomes were increasing.  To mediate the resulting strain on tenants, the federal government 
established the practice of subsidizing operating costs.  Operating subsidies were allocated to 
housing authorities so that they could cover the tenants’ utilities (Schwartz, 2010).  The 
tenants, in return, were expected to pay approximately 30% of their income towards housing 
costs, regardless of their actual income in comparison with any given area’s median income 
(Global Green USA, 2007; Muri, Oetjen, Pershing, & Wollos, 2011). 
Meeting the needs of low-income tenants theoretically worked well within the new 
system; however, Congress controls the appropriation of subsidies, and these appropriations 
often fall short of what is needed.  In fact, Congress only fully funded public housing 
operating subsidies ten times between 1980 and 2008 (Schwartz, 2010).  The resulting 
budget deficits faced by PHAs resulted in cutbacks in maintenance and repair.  The current 
need is to reduce operating costs so that subsidy payments will in turn decrease.  The greatest 
opportunity to diminish operating costs is by reducing energy use (Boehland, 2006).  Two 
key factors that affect typical costs are tenant behaviors related to energy consumption and 
building performance issues related to energy loss. 
Tenant Behaviors 
A large step in reducing energy use in public housing is to understand tenant 
behavior.  Studies have estimated that tenant behavior accounts for about 30% of the 
variance in overall heating consumption and 50% in cooling consumption and that if simple 
behavioral adjustments are made, it is not unreasonable to expect overall energy savings of 
10%-20% (Gurian, Langevin, & Wen, 2013).  Tenant environmental comfort levels can 
deviate based on a variety of factors, and this accounts for a large part of the variance in 
energy use.  Fluctuation in energy use coupled with simple behaviors such as proper use of 
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appliances like clothes dryers and ovens, or the preference for open windows over in-house 
fans, all lead to inconsistencies in energy use in public housing.  Poor tenant behavior in the 
realm of energy efficiency is not necessarily unexpected.  For example, tenants can easily 
save energy in the winter by setting the thermostat to 68° F while they are active within their 
home and setting it lower during sleeping hours or when away.  Turning the thermostat back 
10° to 15° for 8 hours can save 5% to 15% a year on heating bills, according to the U.S.  
Department of Energy (U.S. Department of Energy [USDOE], 2014d).  In many cases tenant 
payments are not affected by their energy consumption, so there is no financial incentive to 
consume less energy.   
Three general categories of behavioral programs are commonly practiced for tenant 
behavior modification: cognition, calculus, and social interaction.  Cognition programs are 
designed to convey information to a particular audience through media such as billboards or 
direct mail.  Calculus-based programs are designed with benefits for participation, such as 
financial incentives.  Social interaction programs “rely on human desire to be social and to fit 
in with a group,” such as teams or councils (Farley & Mazur-Stommen, 2014, p. 8).  Ideal 
tenant engagement programs would combine elements of each type of program design.  A 
common problem cited for low income housing tenant education programs is the idea of a 
split incentive program.  Due to the already incentivized utility bill, PHAs commonly offer 
non-monetary incentives.  A 2014 study, focusing on behavior modification in 25 different 
energy efficiency educational programs, found that the programs addressed several energy 
efficiency behaviors.  Figure 2 illustrates the key features of existing program education, 
including items such as purchasing energy-efficient home appliances, weatherizing doors and 
windows, and using efficient thermostat settings and light bulbs.  The numbers on the right 
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side of the figure represent the number of programs addressing the associated energy 
efficient behavior. 
 
Figure 2. Energy efficient behavior(s) utilized by tenant education programs.   
 
An illustration of a successful tenant behavior program is the Housing Authority of 
Danbury, Connecticut.  The PHA began a Resident Program Fund for improvements within 
their public housing community.  Energy savings were calculated at the end of each year and 
the money set aside continues to pay for neighborhood resources such as “playground 
improvements, locked mailboxes, doorbells, permit parking, and new house numbers on the 
apartments” (Boyle et al., 2012 p. 28).  With a focused goal of improving the community, the 
program keeps motivating residents to continue to be energy efficient. 
These examples stress the need for educational programs to teach tenants about the 
positive, non-financial benefits of increasing energy efficiency, like greater indoor air quality 
and increased comfort within the home (Muri, Oetjen, Pershing, & Wollos, 2011).  Despite 
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the overwhelming ability of energy efficient technologies, tenants still play a large role in a 
building’s energy use.  Tenant education and subsequent behavioral adjustments are crucial 
to long-term energy use reductions; however, at some point, aging infrastructure and building 
performance issues also need to be addressed (NAHRO Sustainability Working Group, 
2012). 
Building Performance 
PHAs have continuously struggled with the need to replace or renovate aging 
infrastructure in order to improve building performance.  PHAs across the country are 
dealing with a collective backlog of billions of dollars’ worth of unmet capital needs, 
stemming largely from deferred maintenance due to decreased appropriations for operating 
subsidies.  In addition, federal funding for capital needs decreased nearly 20% from 2004 to 
2009 (Schwartz, 2010).  PHAs rely on this funding when poor building performance has a 
higher impact on energy consumption either to replace or renovate older public housing 
developments.   
 
Figure 3. Common air leakage locations.   
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Air leakage locations in a building’s thermal envelope are one of the greatest 
contributors to energy consumption in a home.  Figure 3 shows several locations that are 
susceptible to air leakage, according to the USDOE (USDOE, 2014c).  Even new housing 
projects can have air leaks around windows and doors that cause heat loss, although more 
common areas to find significant air leakage are behind knee walls, in plumbing chases, 
wiring holes, and attic hatches.  Gaps or air leaks are responsible for the largest waste of 
energy in residential buildings, and these problems only grow worse as buildings age (Global 
Green USA, 2007).  In addition to gaps or air leaks in the thermal envelope, leaks in the duct 
system for a housing unit can prove to be a waste of energy.  Sealing ductwork can account 
for an improvement in the HVAC equipment efficiency of up to 30%, which is monumental 
considering heating and cooling make up about 56% of the annual energy bill for US 
residences (Global Green USA, 2007).   
Other common contributors to poor efficiency in homes are low quality attic 
insulation, missing wall insulation, missing floor insulation, deteriorating windows, and 
wasteful uses of hot water.  Common upgrades include the installation of high-performance 
windows, high efficiency furnaces, and energy-efficient lighting.  Making common upgrades 
such as those listed can be highly effective, typically reducing a building’s energy 
consumption by approximately 30% (Chen & Ma, 2012).  For example, in a study performed 
by the Environmental Protection Agency, improving the documented average of R-13 attic 
insulation in the south to R-38 and air sealing in the attic and around windows and doors 
resulted in savings of 11% on a total house utility bill and 20% savings on heating and 
cooling only (Energy Star, 2014: U.S. Environmental Protection Agency [USEPA], 2014).   
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Energy Modeling Programs 
The origins of building energy modeling can be traced to 1925 when a group of 
scientists used Response Factor Methods (RFMs) to calculate transient heat flow 
(International Building Performance Simulation Association, 2012).  Later, in 1967, two 
scientists published a paper titled Room Thermal Response Factors, which was a paper in a 
series that analyzed heat transfer through walls using RFMs (Mitalas & Stephenson, 1967).  
All of the papers in the series were published in the American Society of Heating, 
Refrigerating and Air-Conditioning Engineers (ASHRAE) Transactions, and ASHRAE has 
remained a vital presence in the development and dissemination of building energy modeling 
techniques. 
One of the first computer-based modeling programs that predicted thermal 
performance was the National Bureau of Standards Load Determination.  Tamami Kasuda, a 
scientist sponsored by the U.S. Department of Housing and Urban Development, developed 
the National Bureau of Standards Load Determination program.  Kasuda’s program relied on 
Response Factor Methods and was only able to model a single room, but it was a major step 
toward whole building energy modeling (U.S. National Bureau of Standards, 1971).   
The most commonly used energy modeling programs today include EnergyPlus, 
eQUEST, and TRaNsient SYstems Simulation Program (TRNSYS).  EnergyPlus and 
TRNSYS are funded and developed by the USDOE,   James J. Hirsch & Associates 
developed and funded eQUEST, which was developed at the same time as EnergyPlus.  
EnergyPlus and eQuest are both whole-building energy simulation programs used by 
industry professionals (Hirsch, 2012; USDOE, 2014a).  The TRNSYS program, on the other 
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hand, focuses on transient systems (as its name implies), and its main applications include 
solar systems, low energy buildings, heating and cooling systems, and renewable energy 
systems (University of Wisconsin-Madison, 2013).  All three programs are updated by their 
respective developers, yet each of the programs has distinct advantages and disadvantages.  
EnergyPlus, for instance, aids in modeling complex systems with more accurate results, but it 
consumes more time, and its interfaces are more difficult to use (USDOE, 2014a).  The 
eQUEST program is easy to use and quick to produce results that would aid in the decision 
making process of the design phase, yet it uses DOE-2 software which studies deem less 
accurate than the newer EnergyPlus software (Hirsch, 2012).  The TRNSYS program has an 
advantage in being a component-based simulation program.  It can more accurately model 
complex and unconventional systems, but it is difficult to use without a vast level of 
expertise and knowledge (University of Wisconsin Madison, 2013). 
Developed in 1994 by Lawrence Berkeley National Laboratory (LBNL) and 
sponsored by the U.S. DOE is an energy-modeling program called Home Energy Saver™, or 
HES.  HES is the first interactive web-based program designed to help the general public 
make decisions about energy use in their homes.  Like the programs listed above, HES uses 
engineering models to estimate energy consumption for six major categories: heating, 
cooling, water heating, large appliances, lighting, and miscellaneous equipment (Lawrence 
Berkeley National Laboratory, 2014).  The site first went online in 1996 and was originally 
sponsored by the USEPA’s ENERGY STAR program.  Essentially, HES offers the user two 
basic services: 
1. A calculation of energy consumption by end use, for the entire household.  
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2. An estimate of energy bills based on end use consumption with a comparison 
of consumption to a ‘typical’ household and subsequent recommendations for 
bill reduction.  (Mills, 2008, p. 1) 
The goal of HES since the beginning has been to provide consumers with a simple 
way to use complicated, cutting-edge residential energy calculation tools and energy data.  
Historically, access to these tools and energy data has been restricted to industry 
professionals because of the vast knowledge of energy and building technologies required to 
use such tools and data.  HES, using its simplified web-based platform, provides extensive 
decision support information to accompany analytical results, and it enables users, 
specifically non-professionals, to obtain energy use and savings estimates based on details 
about their particular home, climate, and lifestyle.  Advantages of HES include its ease of 
distribution, version control, platform independence, and its ability to locate complicated 
computational software like DOE-2.2e on a central server that is free to the public rather than 
having users buy the software and install and administer it on a personal computer (Mills, 
2008).   
As previously stated, energy modeling is a beneficial strategy for identifying cost-
effective measures for improving energy efficiency.  Energy modeling programs take 
parameters received from design teams and give a predicted value for energy efficiency.  
Anticipated costs, savings, and payback periods can all be calculated using energy modeling 
programs as well.  These calculations allow PHAs to select appropriate energy efficiency 
measures to include in the design, as well as to plan operating budgets and to anticipate 
changes in costs over time (Muri, Oetjen, Pershing, & Wollos, 2011).  The accuracy of these 
modeling or simulation programs is a cause of continuous scrutiny, however, and care must 
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be taken when inputting data and when analyzing results.  The programs make use of varying 
formulas for calculating performance effects, which leads to differences in predicted energy 
usage.  Furthermore, these modeling programs cannot take into account all of the factors 
impacting energy consumption, and projections can sometimes vary widely from actual 
energy use. 
Energy Efficiency Standards and Energy Codes 
 Several energy efficiency standards and other energy codes exist, but perhaps none is 
more recognized than the ENERGY STAR efficiency standards and the International Energy 
Conservation Code.  The ENERGY STAR program was developed by the U.S. 
Environmental Protection Agency in 1992 under the direction of Congress.  The mission of 
the program is to help individuals and businesses save money and to protect the climate 
through superior energy efficiency.  In 2012, ENERGY STAR delivered $24 billion in 
energy and cost savings to businesses, organizations, and individuals (Energy Star, 2014a).  
The International Code Council (ICC) is responsible for developing and publishing the 
International Energy Conservation Code.  Established in 1994 as a non-profit organization 
with the goal of creating a single set of comprehensive and coordinated construction codes, 
the ICC grew and now develops and publishes 15 different international codes.  One of the 
codes ICC develops is the International Energy Conservation Code (IECC), which is updated 
every three years.  Tennessee has currently adopted the 2006 IECC statewide (International 
Code Council [ICC], 2014). 
U.S. Department of Housing and Urban Development (HUD) 
The U.S. Department of Housing and Urban Development is currently run by HUD 
Secretary Julian Castro and operates with a budget of $46 billion and 8,000 employees.  The 
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Department of Housing and Urban Development Act of 1965 created HUD as a Cabinet-
level agency, and HUD’S current mission is to “create strong, sustainable, inclusive 
communities and quality affordable homes for all” (U.S. Department of Housing and Urban 
Development [HUD], 2014, paragraph 1).   
HUD does not offer many financial incentives to encourage green building and 
energy efficiency.  For example, HUD only offers one incentive point out of a total 100 to 
120 points for energy efficiency in its competitive housing grant programs (Government 
Accountability Office [GAO], 2009).  HUD also neglects to specify the use of energy 
efficient appliances in projects, which was promised in its Energy Action Plan and Energy 
Strategy (HUD Energy Action, 2007).  Overall, HUD mandates or recommends very little in 
regards to energy efficiency, mainly focusing its attention on funding efforts (Chen & Ma, 
2012). 
One of HUD’s largest programs that funds energy efficient developments and 
renovations is the Green Retrofit Program (GRP).  Funded by the American Recovery and 
Reinvestment Act (ARRA), the GRP is a $250 million program that provides grants and 
loans to eligible property owners so that they can make energy efficiency and green retrofit 
improvements, notably upgrades and improvements related to ENERGY STAR 
qualifications (Muri, Oetjen, Pershing, & Wollos, 2011).  Funds can also be used to ensure 
that energy efficient technologies on the property continue to operate efficiently (U.S. 
Department of HUD, 2009).   
Some of HUD’s other programs offer incentives for energy efficiency measures.  
However, the standard rules for HUD’s operating fund actually provide a disincentive to 
implementing energy efficiency measures due to the typical high costs of implementation or 
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adoption.  HUD provides PHAs with funds from their own capital fund, but according to 
HUD officials, the funds are usually not enough to cover both the up-front cost and the 
ongoing repair needs of implemented energy efficiency measures  (GAO, 2009).  In 
response, many PHAs are exploring energy performance contracting.  Energy performance 
contracting is a process in which PHAs pay an energy services company to identify and 
finance energy efficiency measures.  This process has been quite effective, with 195 energy 
performance contracts in progress as of 2007, achieving gross savings of about $50 million 
annually (GAO, 2009). 
 
Public Housing Authorities 
Public housing authorities (PHAs) were first established following the creation of 
HUD in 1965 (U.S. Department of HUD, 2014).  HUD funds roughly 3,200 PHAs across the 
nation using the Public Housing Capital Fund administrated by the Office of Capital 
Improvements.  In 2013, HUD requested $2.07 billion in Public Housing Capital Funds to 
address capital repair and replacement needs.  Additionally, HUD requested $4.524 billion in 
Public Housing Operating Funds, which was divided among nearly 1.2 million publicly 
owned affordable housing units.  In all, HUD requested $6.59 billion in 2013 for funds that 
were used to supplement tenants’ rent, maintain the housing, and manage public housing 
programs (U.S. Department of HUD, 2013).   
A large portion of HUD’S Public Housing Operating Funds is spent on utilities 
(electric, water, and sewer).  In the three branches of public housing, assisted housing, public 
housing, and Section 8 vouchers, PHA-paid utilities in public housing totaled $1.43 billion in 
2006, a $160 million increase from 2004 (U.S. Department of HUD, 2009; U.S. Department 
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of HUD Energy Task Force, 2008).  Furthermore, the vast majority of utility expenditures are 
spent on energy, specifically electrical.  Table 1 shows the PHA-paid energy expenditures for 
energy in 2010 and 2011.  Total electrical expenditures increased from $505 million to $532 
million, a 5.4% increase from 2010 to 2011 (U.S. Department of HUD, 2012). 
Table 1. PHA-paid energy expenditures for energy.   
 
 In order to calculate utility allowances for tenants, HUD gives PHAs a wide degree of 
flexibility in how they develop utility allowances for their housing units.  Essentially, HUD 
gives PHAs a choice between engineering-based methodologies and consumption-based 
methodologies.  With the engineering-based methodology, PHAs use engineering 
calculations and technical data to estimate reasonable energy and water consumption.  The 
reasonableness of the estimates depends on assumptions in the calculations that are left up to 
the PHAs.  The engineering-based methodology focuses on various end-uses, including space 
heating, water heating, cooking, lighting, refrigeration, miscellaneous appliances, laundry, air 
conditioning, and water.  The consumption-based methodology has two different approaches 
that are equally acceptable for PHAs to choose.  The first uses a three-year rolling base 
timeframe, which requires the PHA to collect consumption data for three years, and with 
each new year’s data collection the oldest year of data is removed.  This approach requires 
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the PHA to calculate consumption allowances each year.  The other approach uses a fixed-
database, normalized for weather.  A fixed-database of consumption information for a period 
of 1-3 years is adjusted for the effects of weather using local weather information; and using 
this approach, the PHA does not need to collect consumption data every year.  After 
choosing an approach, the PHA then needs to develop allowance categories that combine 
dwelling units according to factors that affect consumption requirements.  Allowances are 
then formulated using the following process dictated by HUD (U.S. Department of HUD, 
2014): 
1. Collecting the consumption data 
2. Grouping the data into allowance categories 
3. Cleaning the data and checking the statistical validity of the data sets 
4. Determining the “typical” consumption for each allowance category 
5. Adjusting the data for any non-allowable end-uses (if such consumption has not 
already been removed from the data) 
6. Converting consumption allowances to dollar allowances.  (Section 3) 
PHAs are also required by HUD to have certain programs in community service and 
economic self-sufficiency in place for tenants.  HUD’s requirements are that tenants with 
each PHA contribute eight hours of community service or participate in eight hours of 
economic self-sufficiency programs each month.  The requirement can also be met using a 
combination of hours from both.  Community service requirements can be met by serving 
with any non-profit or public youth or senior organization or volunteering at the PHA, among 
many other options.  Economic self-sufficiency programs that satisfy the requirement include 
job training programs, job readiness programs, skills training programs, higher education, 
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apprenticeships, budget and credit counseling, and many others  (U.S. Department of HUD, 
2003).  These programs are staples of the occupancy strategy and guidebook developed by 
HUD in 2003. 
 
KHRA: Riverview Place Development 
In 2006, HUD developed an energy strategy intended to address the need for energy 
conservation and energy efficiency in HUD’s own programs.  The strategy created a list of 
25 planned actions that can be seen in Figure 4.  One of the planned actions for the Public 
and Indian Housing sector of HUD was to build HOPE VI developments to a high level of 
energy efficiency.  This planned action was a key component that led to the Riverview Place 
development at Kingsport Housing and Redevelopment Authority (U.S. Department of HUD: 
Energy Task Force, 2008).   
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     Figure 4. HUD’s Planned Actions for Energy Efficiency. 
 
Kingsport Housing and Redevelopment Authority (KHRA) is the local public housing 
authority for Kingsport, Tennessee (TN), created by the citizens of Kingsport in 1939.  As 
calculated by HUD in 2014, Kingsport, TN, has a median family income of $50,600 (U.S. 
Department of HUD, 2014).  This is comparable to the United States’ Census Bureau’s 
reported median family income of $41,111, which represents the median from 2008-2012.  
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The Census Bureau also reported that the percentage of persons living below the poverty line 
in Kingsport, TN, was 17.2% (United States Census Bureau, 2014).  In order to qualify for 
public housing in the Kingsport, TN, area, the tenant(s) seeking housing must fall within the 
acceptable income limits.  Table 2 shows the income limits in Kingsport, TN calculated by 
HUD (HUD User, 2014).   
Table 2. Income Limits for HUD qualifications in Kingsport, Tennessee. 
 
 
A board of commissioners directs KHRA, and its mission statement reads as follows:  
We affirm that shelter is a basic human necessity, and we are dedicated to 
provide decent housing opportunities to those in need in the Greater Kingsport 
Area.  We believe that blighted areas undermine the vibrancy of our 
community; and therefore, we are committed to acting as a catalyst for 
successful redevelopment efforts in the community.  (KHRA, 2014, para. 1) 
 To achieve this mission, KHRA owns and operates 529 units of traditional public 
housing across six developments in the Kingsport area.  These developments include Robert 
E. Lee Apartments, Frank L. Cloud Apartments, Dogwood Terrace, Holly Hills Apartments, 
Tiffany Court, and Riverview Place.  Additionally, KHRA administers a Housing Choice 
Voucher Program in the City of Kingsport and in Sullivan, Hawkins, Washington, Unicoi, 
Greene, and Johnson Counties, with a baseline of 1,242 units. 
In 2006, KHRA received an $11.9 million HUD HOPE VI Revitalization Grant.  The 
HOPE VI program, also know as the Urban Revitalization Demonstration (URD) program, 
was created in 1993, but it originated in 1989 when Congress created the National 
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Commission on Severely Distressed Public Housing and charged the Commission with the 
eradication of severely distressed public housing by the year 2000 (U.S. Department of HUD, 
2014).  HOPE VI funds may be used for capital costs of demolition, major reconstruction, 
rehabilitation, and other physical improvements; the provision of replacement housing; 
management improvements; planning and technical assistance; and the provision of 
supportive services. 
KHRA’s HOPE VI project was to transform the aging 92-unit Riverview Apartments 
development into a vibrant, mixed-income, mixed-tenure affordable housing development.  
An added emphasis was placed on the revitalization of the surrounding community.  The 
proposal included the demolition of the original 92 units and the rebuilding of 116 units to be 
distributed in the following manner (KHRA, 2014):  
 54 off-site units of elderly/disabled housing 
 24 off-site single family homes in the historic Sherwood/Hiwassee 
neighborhood of Kingsport  
 38 energy-efficient public housing units on the original site of Riverview 
Armstrong Construction completed the 38 energy-efficient units, designed by Cain, Rash, 
West Architects, Inc., on the original site of Riverview in 2010 (Lane, 2010).   
In 2011, all 38 units at Riverview Place were part of an energy efficiency study 
conducted by Accu-Spec Inspection Services for KHRA.  Accu-Spec was paid via KHRA’s 
remaining money from the HOPE VI grant used to develop the neighborhood.  All 38 units 
were subjected to blower door testing, before improvements were made to each of the units, 
with the goal being the improvement of energy efficiency.  Following final improvements, 
five of the previous 38 homes were subject to a post-round of blower door testing.  Common 
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problems identified included air infiltration at recessed lights, bathroom ventilation fans, 
electrical panels, and attic accesses.  Figures 5 through 7 show infrared pictures of some of 
the common problems (Accu-Spec Inspection Services, Inc., 2011).   
 
Figure 5. Infiltration around attic access door and recessed light.  The blue areas show air 
infiltration as areas of colder temperature (note temperature range at bottom of photos).   
 
 
Figure 6. Infiltration around electrical panels installed on exterior walls. 
 
 24 
 
Figure 7. Infiltration around recessed light and attic access door. 
 
 Following the energy efficiency study in 2011, Accu-Spec Inspection Services was 
paid almost $40,000 to make the most common improvements that were needed in each 
home.  Despite this, actual energy consumption by tenants, specifically electrical, still 
exceeded the KHRA’s allotment in 2012-2013 and in the early half of 2014.  
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CHAPTER 3: RESEARCH METHODOLOGY 
 
KHRA’s Riverview Place development was the subject for this case study and the 
focus of this research paper.  The Riverview Place development consists of 38 energy-
efficient housing units, primarily composed of varying layouts of single family, two-story 
detached houses and multi-family, single-story duplexes.  This case study considered several 
layouts of both types of housing units in its design.  Each unit in the study was analyzed in 
terms of building performance and the residents’ energy-consumption behavior.   
Sampling Strategy 
A purposeful sampling strategy was used for this case study.  The focus of the 
research was on building performance and tenant behavior in relation to energy consumption 
and efficiency, so an “energy efficient” public housing development to which the researcher 
was granted wide access was chosen.  Armstrong Construction in Kingsport, TN, constructed 
the Riverview Place development in 2009-2010.  Although proclaimed as energy efficient, 
the units were not built to any nationally recognized standard for enhanced energy efficiency, 
such as ENERGY STAR.  Additionally, analysis of the building’s blueprints indicated they 
did not go above and beyond Tennessee’s Energy Code, which follows the 2006 International 
Energy Conservation Code (IECC) (USDOE, 2014b).   
In addition to the actual homes in the Riverview Place development, the sample for 
this study included representatives from the KHRA (as owners/operators) and the tenants of 
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the homes within the subdivision.  Access to the tenants was approved and facilitated by 
officials at the KHRA.   
A survey was distributed to the primary tenant of each of the 38 units by a program 
coordinator from KHRA.  Of the 38 surveys distributed, 20 surveys were returned and 
analyzed.  The 2013 monthly and annual energy consumption data for each home within 
Riverview Place was used to narrow down the 20 participating housing units and tenants to a 
group of six units and tenants chosen for building performance testing.  These units 
represented low, average, and high levels of energy consumption.   
 
Data Collection Procedures 
Tenant Surveys 
 Initially, a survey was developed and distributed (see Appendix A).  The survey was 
based on a prior study conducted by Jared Langevin of Drexel University (Gurian, Langevin 
& Wen, 2013).  Langevin used a semi-structured interview with PHA residents to evaluate 
residents’ behaviors regarding energy and to study the relationship of resident behaviors and 
reducing energy consumption in low-income public housing. 
 Survey design. 
 The survey used for the current study was comprised of four sections: 
1. Background information:  Included questions about the age and gender of the responder, 
the type of building lived in, the amount of time they’ve lived in the PHA, and the 
amount of time they spend in their home on weekdays and weekends. 
 27 
2. General quality and comfort assessment:  Included questions regarding general comfort 
and environmental satisfaction, including factors such as temperature, humidity, air 
quality, and noise. 
3. Energy use habits:  Included questions about heating and cooling equipment, lighting, 
and how that equipment is used; what residents do to adapt to interior conditions 
passively; and how often residents cook and watch TV. 
4. Energy costs, knowledge, and willingness to conserve:  Included questions about utility 
bills and any fluctuation in cost across the four seasons, and whether residents are already 
doing or are interested in pursuing 14 energy conservation measures that are relevant to 
residential efficiency efforts (Gurian, Langevin & Wen, 2013). 
The surveys were administered to the residents of each of the 38 units in Riverview 
Place by a program coordinator from KHRA.  Twenty surveys were returned complete from 
the original 38, resulting in a response rate of 53%.  The survey’s intent was to aid in 
characterizing residents’ energy behaviors.  By surveying the residents on the topics above 
and scoring their responses, the researcher was able to compare each resident’s energy 
behaviors with the actual reported energy usage of the unit. 
 Scoring. 
 In order to score the residents’ responses on the survey and to assign each resident a 
total score relating to energy behavior, a scoring rubric based on the work of Jared Langevin 
was created (Gurian, Langevin & Wen, 2013).  The rubric assigned a score of 1, 2, 3, or 4 to 
each answer given, depending on the question (Appendix B).  For example, a question asking 
if the tenant uses a personal space heater in the winter would be answered with either a Yes 
or No.  In this case, the yes would be worth two points on the rubric, and the no only one.  
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The lower the score, the more energy efficient the residents’ behavior.  Each survey was 
scored using the rubric, and the total of each section’s score was recorded, along with the 
combined total score.  The lowest possible, median possible, and highest possible scores 
were also totaled and noted for each individual section and the entire survey. 
Building Performance Engineering (BPE) Protocol 
One of the major aspects of building performance is air leakage.  Air leakage can 
increase heating and cooling costs over 30%, and mitigating air leakage can be very difficult 
(Southface Energy Institute, 2013).  A building’s air barrier is the primary component 
designed to control air leakage, and the air barrier provides several benefits to the building’s 
occupants.  The main benefits of air leakage control are energy savings, increased comfort, 
protection of the building insulation’s thermal integrity, reduction of direct cooling or heating 
by outdoor air, and avoidance of moisture migration into building cavities (Dorsi & Krigger, 
2004).  Any problems with the air barrier in a building can disrupt the thermal boundary and 
contribute to comfort, health, and safety problems (Building Performance Engineering, 
2012).   
Finding problems with the air barrier, particularly in hidden locations, can be quite 
difficult.  It was not until blower door testing units were developed and implemented that 
finding hidden air leaks became much easier.  Blower doors use variable speed fans to 
pressurize or depressurize a building, which makes it easier to feel/test for air infiltration, and 
when a blower door is used in conjunction with a digital manometer, the relative leakiness of 
a building can be measured.  Common terms in building performance testing for air leakage 
include air changes per hour at 50 Pascals, or ACH50; cubic feet per minute at 50 Pascals, or 
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CFM50; cubic feet per minute at 25 Pascals, or CFM25; and natural air changes per hour, or 
NACH. 
Unit testing: Blower door and duct blaster testing. 
 Based on the energy data gathered by KHRA, six units were selected for testing.  The 
units were chosen based on one full year of electricity consumption in relation to the average 
electricity consumption of the 20 units from which tenants had returned surveys.  The 20 
units had an average annual consumption of 16,771 kWh per unit.  In order to test an average 
range of consumption values, one unit was chosen that had an annual kWh consumption near 
the development average, one unit was chosen that had below-average annual kWh 
consumption, and one unit was selected that had above-average annual kWh consumption.  
Also, KHRA specifically requested that three other units be added to the testing.  The units 
selected and their individual kWh consumptions can be seen in Table 3.  The same testing 
protocol was followed for each unit.   
 
Table 3.  Selection of Six Units for Building Performance Testing 
 
 
 30 
 
Due to the absence of combustion appliances, fireplaces, and attached garages, the 
prerequisite of worst-case depressurization and carbon monoxide testing was not needed.  
The data collection testing protocol began with each unit being set to natural conditions, 
meaning each unit was set up to minimize driving forces like wind, mechanical fans, and 
stack effect on the home.  To do this all mechanical fans were turned off including the 
heating and cooling system, clothes dryers, kitchen exhaust fans, bathroom exhaust fans, and 
ceiling fans.  Additionally, all exterior doors and windows were closed and locked, all 
interior doors were opened, all dampers were closed, and the blower door fan (after it was set 
up) was covered.  After setting up the house for natural conditions, the manometer was 
calibrated to the testing conditions, which essentially zeros out any existing pressures in the 
house at the time of baseline (Figure 8).  To perform the baseline function, the researcher 
presses baseline on the manometer, and then start.  After 30 to 60 seconds, or when the 
number appearing on Channel A remains steady for several seconds, the baseline was entered 
and recorded (Building Performance Engineering, 2012).   
 
Figure 8. Hand-held manometer showing calibration to test conditions. 
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This same pre-testing protocol was repeated in each unit before the research team 
performed the actual building performance tests.  Once each house had been set up and the 
baseline was recorded, the team proceeded with an untaped blower door test, a taped blower 
door test, and a duct blaster test. 
Untaped blower door test. 
The first test conducted on each unit was an untaped blower door test.  The test was 
called an “untaped” blower door test because in the testing sequence both an untaped blower 
door test and a taped blower door test were performed.  This sequence of tests allowed the 
researcher to make a rough estimate of the total duct leakage in the house.  The untaped 
blower door test is also the basis for the air changes per hour calculation. 
Typically, while one researcher set up the house for natural conditions, the other 
installed the blower door apparatus in the front entry door.  The blower door apparatus 
includes a frame; flexible, airtight fabric large enough to fill an empty doorway; a variable 
speed fan with interchangeable rings and a controller; and hoses for attaching the manometer 
to the outdoors and to the fan (Figure 9).  Once the blower door was set up in the entry door, 
the HVAC system’s filter was removed, the house was set to natural conditions, and a 
baseline was established, the untaped blower test was ready to be conducted.   
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Figure 9. Blower door mock set-up. 
 
To conduct the test, one hose was extended from the A Reference of the manometer 
to the outside, and one hose was extended from the A Input of the manometer to the blower 
door’s fan.  Care was taken to ensure that the hose extending to the outside was free of water, 
debris, and off to one side so as not to be affected by the fan.  The manometer was then 
turned on and the mode was set to PR/FL@50, the device was set to Blower Door 3 (BD 3), 
and the manometer was configured for the ring setup of the blower door fan.  All rings were 
removed from the blower door fan except for the A ring and the fan was slowly brought up to 
speed so that the reading on the A Channel of the manometer was -25 Pascal (Pa).  Once a 
pressure of -25 Pa was reached, one member of the research team would walk around the 
home, ensuring that everything was fine with the natural conditions setup of the home.  After 
the walkthrough, the fan speed was slowly adjusted to reach -50 Pa on the A Channel.  The 
CFM@50 was then recorded from the B Channel of the manometer.  At the conclusion of the 
untaped blower door test, the research team proceeded to the second test in sequence, the 
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taped blower door test (Building Performance Engineering, 2012; The Energy Conservatory, 
2012; The Energy Conservatory, 2014). 
 Taped blower door test. 
A taped blower door test was also performed so that the researcher could make a very 
quick rough estimate of duct leakage before setting up duct blaster testing by subtracting the 
taped test from the untaped test (Dorsi & Krigger, 2004).  The taped test is inherently less 
accurate than duct blaster testing, but it aided the process for the researcher.  To set up for the 
taped blower door test, all the supply and return registers were sealed with tape to determine 
the air leakage through the building envelope.  The testing protocol for the taped blower door 
test was the same as for the untaped blower door test.  The only changes made were to 
accommodate “LOW” readings when trying to record the CFM@50 in the two duplexes 
tested.  When this happened, the fan was turned off and Ring B was installed.  The 
manometer was configured to Ring B and the fan was turned on and slowly brought back to 
speed.  Once the fan reached the speed where the A Channel on the manometer read -50 Pa, 
the CFM@50 was then recorded from the B Channel.  The final measurement concluded the 
blower door phase of testing, but before the supply and return registers were untaped, the 
research team moved on to the final test, the duct blaster (Building Performance Engineering, 
2012; The Energy Conservatory, 2012). 
Duct blaster. 
The duct blaster test was the final building performance test conducted in each unit.  
The test was set up to measure the total leakage of the duct system, meaning the blower door 
was not used during this phase of testing.  To conduct the test, the registers were left sealed 
from the taped blower door testing and a pressure relief to the outside was opened near the 
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space where the duct blaster was positioned.  Before attaching the duct blaster to the main 
return of the HVAC system, the flow conditioner was inserted.  Then the duct blaster was 
attached with the fan exhaust facing the return.  A hose was run from the A Input on the 
manometer to the furthest accessible register, and a hose was run from the B Input to the fan.  
Ring 3 was installed and the manometer was calibrated for testing (Figure 10).  The mode 
was set to PR/FL@25; the device was set to the duct blaster DBB; and the manometer was 
configured for Ring 3, A3.   
 
Figure 10.  Duct blaster mock set-up. 
 
Once set-up was complete, the fan speed was slowly raised until the manometer read 
-25 Pa in the A Channel.  When the pressure was reached, the CFM25 measurement was 
recorded from the B Channel (Building Performance Engineering, 2012; The Energy 
Conservatory, 2014).  This concluded building performance testing in each of the duplex 
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units because they only had one HVAC system.  However, in each of the other two-story, 
single-family units, a second duct blaster test had to be conducted because the houses were 
built with two separate HVAC systems, one serving each floor of the unit.  In these cases, 
once the initial duct blaster test was finished on the lower level, the process was repeated on 
the upper level of each home. 
Energy Use Data 
 Energy data was acquired from KHRA in two forms.  First, electrical consumption 
data was acquired that showed each of Riverview Place’s units and its associated electrical 
consumption from July 2012 to January 2014.  Second, a report from Goodwin & Associates, 
LLC was acquired that showed the original predicted electrical consumption per month for 
each of the five different housing unit styles used in Riverview Place.  Goodwin & 
Associates, LLC is an energy audit and conservation-consulting firm based in Ball Ground, 
Georgia.  The “Utility Allowance Study” they conducted for KHRA proposed allowances on 
an annual and monthly basis for each unit type at Riverview Place (Goodwin and Associates, 
2010).  The utility allowances were based on all building-related requirements, including 
lighting, refrigeration, television, stereo, washing machines, small appliances, space heating, 
domestic hot water, and cooking.  The allowances were also based on accepted engineering 
heat loss/gain calculation methods.  These methods recognized the thermal design 
characteristics of each unit type and the estimates reflected energy need variations required 
for the unit structure’s major systems and orientation of each building type.  KHRA 
requested additional data for air conditioning, which was provided, but under HUD 
regulations at the time KHRA was not obligated to provide an allowance for air conditioning.  
Furthermore, the charge per kWh mandated by the electrical provider, American Electric 
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Power, was detailed in the report by Goodwin & Associates as being 0.07463 dollars per 
kWh.  KHRA used the data from Goodwin & Associates to set monthly consumption 
allowances in kWh and dollars for electricity at each of the units in Riverview Place.  The 
calculations provided by Goodwin & Associates served as a comparison for the independent 
energy model prepared in the current study. 
Home Energy Saver™.   
Home Energy Saver™ was the first Internet-based tool for calculating energy use in 
residential buildings.  It was developed and is currently maintained by the Lawrence 
Berkeley National Laboratory, with sponsorship from the USDOE.  Students and researchers 
periodically use the program as a tool for analyzing residential energy performance issues, 
and it was selected as the energy-modeling program for this study.  Home Energy Saver™ 
makes many of its calculations, including heating and cooling consumption, using the DOE-
2.2e building simulation program developed by the USDOE (Lawrence Berkeley National 
Labratory, 2014). 
Home Energy Saver™ was chosen for this study because it is a free web-based 
program and KHRA could implement the use of this program in the future without the need 
to hire a professional or pay any licensing fees.  Each of the six units subjected to building 
performance testing were entered into the HES program using the simple inputs.  The simple 
inputs were used in lieu of the detailed units for two primary reasons.  First, a study 
completed at Appalachian State University in 2011 demonstrated that the difference in 
accuracy using default calculations, or those inputs not required during simple inputs, and 
programs requiring more detailed inputs was found to differ by only 3.6% (King, 2011).  
Also, the simple inputs were used to mimic what was assumed any layperson at KHRA 
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would be able to operate without extensive guidance.  Table 4 specifies the differences 
between simple and detailed inputs in HES.   
Table 4. Comparison of “Simple Inputs” level in HES vs. “Detailed Inputs” level (Mills, 
2008). 
 
The simple inputs cover two major sections: (1) building design and (2) appliances 
and equipment.  These sections, coupled with the general inputs at the front of the program 
pertaining to energy prices and climate zones, provided enough data for the results from 
these units to be compared to the actual energy data for each unit from July 2012 to January 
2014 and to the predicted energy use values calculated by Goodwin & Associates. 
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The basic information needed for an energy model in Home Energy Saver™ 
included: 
 Number of stories above ground 
 Square feet of conditioned area 
 Type of foundation 
 Insulation levels for floors, walls, ceilings, and roof 
 Airtightness/Air leakage prevention details 
 Window type and window area 
 Appliance information, including heating and cooling equipment and thermal 
distribution 
After simple data input, the results for each of the six tested units were recorded and grouped 
with the relevant energy data collected previously (Lawrence Berkeley National Labratory, 
2014).   
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CHAPTER 4: RESEARCH FINDINGS 
Tenant Survey Research Findings 
The tenant surveys were scored based on a scoring rubric (Appendix B) taken from a 
study by Jared Langevin from Drexel University.  The resulting scores for each respondent 
can be found in Table 5.  The numbers in the left-hand column of each section of the table 
represent each of the 20 residents who responded to the survey.  The numbers in the right-
hand column of each section represent the score for that section of the survey for each 
surveyed respondent.  These numbers were derived using a scoring rubric shown in 
Appendix B. 
Table 5. Breakdown of Tenant Survey Responses and Scores 
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All respondents to the survey reported better general quality and comfort than the 
median score of 10 for the section.  Additionally, all but one tenant reported energy use 
habits below the median score of 42 for that section, essentially reporting that all but one 
tenant was moderately efficient with their energy use.  However, when asked “In a typical 
month, do you usually pay an excess electric bill to KHRA?” 70% of tenants participating in 
the survey answered “yes.”  All surveyed tenants use heating and cooling.  In the winter 
months, 20% of surveyed participants reported never adjusting their thermostat for heating 
and 25% reported using personal heaters in addition to their heat pump.  Half of those 
surveyed stated that they never switch off their thermostat during the winter months, even if 
they are away.  In the summer, 65% of respondents stated that they never turned off their 
thermostats when leaving the house.   
Regarding lighting, most tenants turned off their lights when leaving the house, but 
60% of residents stated that they only sometimes or never turned off the lights when leaving 
the room.  Additionally, 60% of surveyed tenants reported that they do not turn off the 
television when they are not watching it.  Outside the scope of multiple choice questioning, 
in the comments section, three survey respondents reported that they noticed problems with 
the level of insulation and air sealing in their homes, specifically in the laundry room and 
living room.   
Building Performance Research Findings 
 Each of the six houses were tested according to the Building Performance 
Engineering protocol for infiltration and total duct leakage was compared to the minimum 
values necessary to qualify as an ENERGY STAR home based on ENERGY STAR 
Qualified Homes, Version 3.1 (Rev. 02) National Program Requirements (USEPA, 2014).  
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Additionally, the results of the tests were compared to the 2006 International Energy 
Conservation Code, Tennessee’s current energy code, and to the 2012 International Energy 
Conservation Code (IECC) (ICC, 2006; ICC, 2012).  The 2006 IECC requires a specific 
leakage area of 0.00036 which was converted to an ACH50 of 7.  The results from each test 
are detailed for each house in the sections that follow but related data on unit types and size 
can be found in Table 6 (for expanded results see Appendix D). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 42 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
T
a
b
le
 6
.  
B
u
il
d
in
g
 P
er
fo
rm
a
n
ce
 R
el
a
te
d
 C
h
a
ra
ct
er
is
ti
cs
 O
f 
Si
x 
T
es
te
d
 U
n
it
s 
 43 
As can be seen in Table 6, the six units tested were of various sizes, ranging from the 
smallest duplex unit at 1289 sq. ft. to the largest single-family unit at 1560 sq. ft.  The 
identifier is just the address of each unit and it was used for the sole purpose of identifying 
each of the tested units.  Also, although it appears that some of the units tested are identical, 
each unit is actually a different model.  Some of the models are the same size in terms of 
square footage and building volume; however, the number and size of windows and the 
interior layout varies.   
Table 7. Untaped Blower Door Test Results 
1029 MLK 336 Wheatley 212 Carver 
Untaped Blower Door Test Untaped Blower Door Test Untaped Blower Door Test 
CFM@50: 929 CFM@50: 1568 CFM@50: 1051 
ACH@50: 5.41 ACH@50: 7.99 ACH@50: 5.05 
NACH: 0.25 NACH: 0.46 NACH: 0.29 
1019 Douglass 238 Louis 240 Carver 
Untaped Blower Door Test Untaped Blower Door Test Untaped Blower Door Test 
CFM@50: 796 CFM@50: 1472 CFM@50: 1171 
ACH@50: 4.63 ACH@50: 7.33 ACH@50: 5.63 
NACH: 0.22 NACH: 0.43 NACH: 0.33 
 
Each of the tested units’ untaped blower door test results were compared to ENERGY 
STAR requirements and to IECC requirements.  In order to qualify as an ENERGY STAR 
home, the current infiltration rate not to be exceeded in climate zone 4 is 3 ACH50 (USEPA, 
2014).  None of the tested units came in at or under the required 3 ACH50, as can be seen in 
Table 7.  The average amount by which each unit exceeded the ENERGY STAR standard 
was 3 ACH50.  In addition, each of the units’ results was compared to Tennessee’s current 
energy code, the 2006 IECC, as well as to the more energy-efficient 2012 IECC.  The air 
infiltration rate in the 2006 IECC is listed as not exceeding 7 ACH50, and two of the units 
failed to meet this requirement during the untaped blower door testing (ICC, 2006).  The 336 
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Wheatley unit, 7.99 ACH50, and the 238 Louis unit, 7.33 ACH50, failed to meet the 
requirement, exceeding by .99 and .33 ACH50.  The other four units met the code 
requirement by an average 1.82 ACH50.  When the units were compared to the 2012 IECC, 
which has the same ACH50 requirement as the current ENERGY STAR standard (3 ACH50 
for climate zone 4), the same result was seen in comparison to the ENERGY STAR standard 
(ICC, 2012).   
The NACH values for each of the units were also calculated by dividing the ACH50 
by the relevant N-factor for each unit.  These values are included in Table 4, along with the 
CFM50 measurement.  The average NACH was calculated to be .33 NACH, and the average 
CFM50 was calculated as 1164.5 CFM50.  Additionally, 240 Carver and 1029 MLK 
underwent blower door testing in 2011 when KHRA hired Accu-Spec Inspection Services to 
conduct an energy efficiency study.  These two units were the only comparable units from 
the current study that were included in a post-test by Accu-Spec.  Accu-Spec’s results from 
those two units are included in Tables 8 and 9, and both units currently show improvements 
in energy consumption compared to previous testing.   
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Table 8. Accu-Spec's Blower Door Data from 2011 at 240 Carver Alongside Current Study 
Results 
 
 
 
Table 9. Accu-Spec's Blower Door Data from 2011 at 1029 MLK alongside Current Study 
Results 
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Table 10. Taped Blower Door Test Results 
1029 MLK 336 Wheatley 212 Carver 
Taped Blower Door Test Taped Blower Door Test Taped Blower Door Test 
CFM@50: 916 CFM@50: 1438 CFM@50: 960 
ACH@50: 5.33 ACH@50: 7.33 ACH@50: 4.62 
NACH: 0.25 NACH: 0.43 NACH: 0.27 
1019 Douglass 238 Louis 240 Carver 
Taped Blower Door Test Taped Blower Door Test Taped Blower Door Test 
CFM@50: 711 CFM@50: 1309 CFM@50: 1017 
ACH@50: 4.14 ACH@50: 6.51 ACH@50: 4.89 
NACH: 0.19 NACH: 0.38 NACH: 0.28 
 
The taped blower door test results (Table 10) were also compared to the same 
ENERGY STAR, 2006 IECC, and 2012 IECC standards.  These results were indicative of 
losses specific to the building envelope and gave the researcher a clearer picture of whether 
losses in each unit were more prevalent in the duct system or the building envelope.  The 
results, when compared with the three standards used previously, yielded very similar results; 
however, the 238 Louis unit passed the 2006 IECC code requirement of 7 ACH50 when 
taking the taped blower door test measurement (ICC, 2006; ICC, 2012; USEPA, 2014).   
 
Table 11. Duct Blaster Results With ENERGY STAR/2012 IECC Target Totals 
 
Building performance testing concluded with duct blaster testing in each of the six 
units.  Table 11 shows the results of tests on the first and, if applicable, second floor systems 
and the target total duct leakage representing the maximum value that cannot be exceeded to 
obtain ENERGY STAR certification and/or to meet the 2012 IECC code requirement.  The 
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testing showed that none of the units had duct systems that met the total duct leakage 
requirement of ≤ 4 CFM25 per 100 sq. ft. required by both the current ENERGY STAR 
standards and the 2012 IECC, with an average total system leakage over the target total of 48 
CFM25.  Table 12 shows the same duct blaster tests compared against the 2006 IECC 
requirement of total duct leakage ≤ 9 CFM25 per 100 sq. ft. 
Table 12. Duct Blaster Results With 2006 IECC Target Totals 
 
 In all but one case, the first floor duct system passed the 2006 IECC requirement, and 
the second floor system failed.  The first floor systems tests reported values that ranged from 
69 CFM23 to 101 CFM25, and the applicable second floor tests ranged from 39 CFM25 to 
143 CFM25.  The exception was the case of the 336 Wheatley unit, which failed to meet the 
requirement for the first floor system with a 101 CFM25.  However, the 336 Wheatley unit 
had the best performing second floor system at 39 CFM25.  The notable outlier was the 
second floor test at 240 Carver, which measured 143 CFM25, when the target total for the 
2006 IECC is 47.88 CFM25, this coming after the first floor system test revealed the best 
performance of the entire tested unit group with a measurement of 69 CFM25 (ICC, 2006; 
ICC, 2012; USEPA, 2014). 
Energy Use Data Research Findings 
 The two sources of energy data from KHRA—the electricity consumption data from 
July 2012 to January 2014 and the predicted utility allowances from Goodwin & Associates 
were compared to evaluate the energy efficiency of the homes in their current state in relation 
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to their modeled/predicted energy consumption.  This gave the researcher a more accurate 
picture of each home’s target energy consumption and predicted energy consumption.   
 In the reported period of July 2013 to January 2014, shown in Table 13, an average of 
29 homes per month out of the 38 total exceeded the allotted utility allowance.  During the 
months of December and January of the same reported period, all 38 homes exceeded their 
utility allowance, and in January 2014, 55% of these homes exceeded the allowance by over 
1,000 kWh.  However, the utility allowances currently used by KHRA do not take into 
account air conditioning, only heating.   
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Goodwin & Associates also prepared a utility allowance for Riverview Place using 
added kWh hours during the affected months of April-October, reflecting use of air 
conditioning (Table 14).  Comparing the same reported energy use values from KHRA to the 
utility allowance including air conditioning provided by Goodwin & Associates lowered the 
average of homes exceeding their utility allowance from 29 to 25 homes.  The most 
prominent change came during the months July through September.  The number of homes 
exceeding the utility allowance in July fell from 30 homes to 19 homes, and in August it fell 
from 28 homes to 15 homes exceeding the allowance.  Additionally, prior to comparing the 
reported energy use to the utility allowance with air conditioning, in July 40% of homes 
exceeded the utility allowance by more than 600 kWh.  However, after the change, only 3% 
of homes exceeded the utility allowance by more than 600 kWh.   
Table 14. July 2013 - January 2014 kWh Consumption Over Calculated Allowance with Air 
Conditioning – Provided by Goodwin & Associates
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Similarly, the annual data reported from July 2012 to June 2013, found in Appendix 
C, showed that an average of 32 of the 38 homes exceeded their annual utility allowance, and 
when comparing the data to the utility allowance with air conditioning, the average was 30 of 
38 homes, and the exceeding amounts were much smaller when using the utility allowance 
with air conditioning (Goodwin and Associates, 2010). 
The data show the kWh over the calculated allowance without air conditioning for the 
last full year of data from July 2012 to June 2013.  The average amount of kWh over 
allowance is reported for each month, with December and January having the highest 
averages at 636 kWh and 594kWh, respectively.  May and October had the lowest averages 
of 169 kWh and 91 kWh.  In addition, the percentage of kWh over the allotted amount was 
also calculated.  The average percentage over the allotted kWh was 42.43% without the air 
conditioning values, and 36.13% with the air conditioning values. 
The data from July 2012 to June 2013 were also used to determine the total annual 
amount in dollars paid by the tenants of the six chosen units for testing.  The annual 
allotment for each of the units was calculated using the total annual allotment without air 
conditioning, which varied from 9,937 kWh to 13,598 kWh, and the rate per kWh, which was 
reported as .084387 cents per kWh.  These values were multiplied to derive the cost of the 
annual allotment.  The annual allotment was then multiplied by the percentage of kWh 
consumption over the allowance, which permitted the total annual amount paid by the tenant 
for kWh consumption over the allotment to be determined.  The results for the six units 
showed that the costs to the tenants for the excess kWh consumption ranged from $83.29 to 
$1,495.51 annually (Table 15).   
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Table 15. 2012-2013 Annual Amount Paid by Tenant for Excess Consumption 
 
 
Home Energy Saver™ Findings 
Each of the six homes on which building performance testing was conducted were 
also evaluated using Home Energy Saver™ (HES).  These modeled findings were calculated 
in an attempt to verify the original predicted energy use calculations performed by Goodwin 
& Associates, and to identify key areas in which upgrades would have the most benefit.  
Table 16 shows the HES modeled annual energy consumption compared to both the current 
annual utility allowance and the annual utility allowance with air conditioning predicted by 
Goodwin & Associates. 
Table 16. Home Energy Saver™ Calculations of Annual kWh Consumption (Modeled) 
 
Energy use in the four detached, single-family houses was very close to previously 
predicted values, only differing by a maximum of 4% from the annual utility allowance, and 
-5% from the annual utility allowance with air conditioning.  The multi-family duplexes 
differed much more from the predicted values with a mean variance of 25% higher usage 
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than the annual utility allowance and 16% from the annual utility allowance with air 
conditioning.   
The yearly energy costs for six key areas in energy consumption are predicted by 
HES and reported as the total yearly energy cost for the house.  HES then recommends a 
varying degree of upgrades to the six key areas, and recalculates the total yearly energy cost 
based on predicted upgrades.  Table 17 shows the key areas determined by HES that would 
benefit the most from upgrades.  The yearly energy costs for 336 Wheatley, which was the 
closet unit tested to the average kWh consumption of all units, are shown, both for the 
existing home and with upgrades.   
The yearly energy cost of 336 Wheatley was reported as $1,034 in comparison to the 
cost of the allotted kWh (without air conditioning values), which was $1,128.17 (thus, HES 
estimated with 92% accuracy).  HES recommended various upgrades to lower the yearly 
energy costs to $855, a savings of $179.  The three most significant upgrades were suggested 
in lighting ($70), hot water ($50), and heating ($30).  All of these changes are detailed in 
Table 18, along with a recommended large appliance upgrade.  The recommended upgrade 
Table 17. HES predicted yearly energy costs for 336 Wheatley. 
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with the most savings potential was transitioning from incandescent lighting to compact 
fluorescent lighting (CFL).  This upgrade had an added cost of $88 but a payback period of 
two years, and a return on investment of 33%.  The hot water heater was also suggested for 
an upgrade, specifically upgrading to an ENERGY STAR-rated water heater.  A water heater 
upgrade of this type was predicted to add a cost of $90 and result in a payback period of three 
years with a return on investment of 39%.   
Table 18. HES-recommended detailed upgrades for 336 Wheatley. 
Lights (Incandescent to CFL) Water Heater (ENERGY STAR) 
  
Thermostat (Programmable) Clothes Washer (ENERGY STAR) 
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CHAPTER 5: DISCUSSION AND CONCLUSIONS 
 
Discussion 
Tenant Behavior 
This study has demonstrated the effect of tenant behavior and building performance 
on energy consumption, with specific regard to excess energy consumption in the Riverview 
Place development.  In the tenant survey, the respondents reported a lower total score than 
the median score possible for the survey; however, the survey did not get into the details of 
specific behaviors such as heating the unit with the windows open.  The survey did capture 
general energy consumption behaviors of tenants.  For instance, the summer was the primary 
time tenants reported paying KHRA for excess kWh consumption.  Additionally, 79% of 
tenants reported paying KHRA for excess kWh consumption in the spring, as did 93% of 
tenants in the fall and winter.  The large portion of tenants paying for excess in the fall and 
winter relates to the fact that 85% of tenants reported that they either do not, or only 
occasionally, adjust their thermostats for heating, and that 50% of tenants never turn off their 
thermostats, even if they leave their unit.  Also, 25% of tenants reported using personal space 
heaters in addition to the heating unit for the house. 
Building Performance 
One of the first factors to measure when studying energy consumption is building size 
(square footage).  However, in the six-unit sample studied, size did not identify as a 
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prominent factor in energy consumption.  This led to the analysis and comparison of the code 
compliant construction of the development with ENERGY STAR standards and updated 
energy codes.  It is clear that the development was built to comply with the 2006 IECC, 
which is the current statewide Tennessee energy code.  The average untaped blower door test 
value of 6.01 ACH50 leaves room for a 49.9% improvement in air leakage should ENERGY 
STAR or the 2012 IECC be the minimum standard (maximum infiltration: 3 ACH50).  
Comparably, when observing the data for the first-floor duct systems in the six tested units, 
achieving the minimum ENERGY STAR and 2012 IECC goal of ≤ 4 CFM25 per 100 sq. ft. 
would result in a 52.9% improvement over the current first-floor systems.  Furthermore, the 
current study’s comparison to the building performance tests performed by Accu-Spec 
Inspection Services in 2011 helps confirm the existing development’s use of the 2006 IECC 
as a baseline and helps to highlight the additional modifications that would be needed to meet 
the 2012 IECC requirements or the ENERGY STAR standard. 
Energy Use 
Perhaps the most significant finding of the study was that the current energy subsidy 
does not include any allotment for air conditioning.  The most recent reported data from July 
2013 to January 2014 shows that the tenants in all 38 units exceeded the energy subsidy, 
which was based on projected consumption without air conditioning, by an average of 
46.59%.  By simply basing the energy subsidy on the Goodwin & Associates projection that 
included air conditioning, the percentage of units that exceed their allotment would be 
reduced to 36.94%.  This still represents a significant percentage of tenants who pay for 
overages, but it brings the subsidies they are allotted more in line with actual practice.   
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Home Energy Saver™ modeling recommended other improvements aimed at 
reducing energy consumption and saving money on energy bills.  The four suggested 
upgrades were: 
1. Replace incandescent lighting (specified in Riverview Place blueprints) with 
compact fluorescent lighting. 
2. Replace water heaters (the A.O. Smith DEL-50 model specified in blueprints 
is not ENERGY STAR certified) with ENERGY STAR rated water heaters. 
3. Replace thermostats with programmable thermostats. 
4. Replace clothes washers (not provided with unit; hook-ups only) with 
ENERGY STAR rated clothes washers. 
HES calculated that making the suggested changes would result in energy savings of $179 
per year, with a payback period of no longer than three years for each of the upgrades.  
Obviously, any upgrade would be dependent on the ability of the KHRA or the tenant to pay 
for the modification, but lower-cost upgrades should be considered as a starting point.   
 
Implications and Recommendations 
 The following section represents the second aim of the study and is presented in the 
form of recommendations to the Kingsport Housing and Redevelopment Authority.  These 
recommendations span all three aspects of the Riverview Place development that were 
studied: tenant behavior, building performance, and energy use.   
Tenant Behavior 
Recommendation 1. Develop a tenant education program aimed at improving 
energy efficient behavior that is comprehensive enough to sustain long-term adoption of such 
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behaviors.  Address issues such as turning the lights off when leaving the room (60% of 
survey respondents reported only sometimes or never turning the lights off when leaving the 
room), turning the television off while not watching it (60% of surveyed tenants reported 
leaving the television on while not watching it), and adjusting the thermostat to save energy 
(turning the thermostat back 10° to 15° for 8 hours can save 5% to 15% a year on heating 
bills).  Behavioral adjustments can result in 10-15% energy savings if significant follow-up 
efforts are made to ensure that tenants are accepting and applying what they learn.  Due to 
KHRA’s already existing tenant self-sufficiency programs, based on HUD’s requirements, 
implementing an efficiency program would be possible. 
Building Performance 
Recommendation 2. Select an energy efficiency standard or updated energy code 
early on in the design process and ensure that it is achieved during the construction process 
with routine inspections.  Meeting the code minimum 2006 IECC criteria results in a home 
that is roughly half as efficient as a home meeting the minimum requirements for ENERGY 
STAR or the 2012 IECC.  Choose a standard that is achievable with the available degree of 
funding and support, and commit to it. 
Recommendation 3. Replace all incandescent lighting with compact florescent 
lighting (CFL).  Replacing incandescent lighting with CFLs is the best-suggested upgrade 
based on the completed energy modeling, and the lowest-cost modification. 
Recommendation 4. Replace all non-ENERGY STAR appliances with ENERGY 
STAR rated appliances.  The two clearest examples in the Riverview Place development are 
the water heaters and clothes washers.  The water heater specified in the plans is not 
ENERGY STAR rated; and because no clothes washer is provided with the units, only a 
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hook-up, tenants are free to install a clothes washer of their choice.  Letting tenants install 
their own clothes washers reduces the control that KHRA has over energy consumption. 
Recommendation 5. Replace thermostats with programmable thermostats.  
Programmable thermostats are a good way to indirectly control the heating and cooling in 
each unit without having to lock a traditional thermostat at a set temperature, and the 
programmable thermostat can “learn” to turn the thermostat down 10° to 15° during typical 
sleeping hours, which can save 5% to 15% a year on heating bills. 
Energy Use 
Recommendation 6. Use the kWh allowance provided by Goodwin & Associates 
that reflects the use of air conditioning as the basis for calculating energy allotments.  Simply 
by using the allowance that relates most directly to actual tenant behavior, the average kWh 
overages can be reduced nearly 10%.   
Conclusion 
This study has demonstrated the importance of pursuing a holistic approach to 
achieving energy efficiency in public housing and the need for tenant energy efficient 
behavioral programs to be enacted.  The Kingsport Housing and Redevelopment Authority’s 
goal of providing energy efficient public housing is commendable and can be achieved if the 
right steps are followed.  The responsibility initially lies with KHRA, to adopt and achieve a 
defined level of energy efficiency from a building performance perspective, but subsequently 
the tenants must take responsibility for their behavior and commit to using energy efficiently 
in daily life.  This can be facilitated through a well-designed tenant education program. 
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Future Studies 
 Future studies would benefit from building performance testing and energy auditing 
with the intent on obtaining a HERS score.  HERS scores would provide a more up-to-date 
comparison for determining energy efficiency.  Further research on the heating and cooling 
systems, specifically the systems’ design and efficiency, would provide information on what 
percentage of excess energy consumption is due to heating and cooling each month.  Such 
information could perhaps point to faulty equipment, which would have a significant impact 
on energy consumption.  Finally, a future study that focuses more specifically on tenant 
behaviors and levels of understanding about energy consumption could provide the basis for 
a targeted tenant education program that could be implemented by the KHRA and by similar 
public housing authorities. 
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APPENDIX A 
KHRA Occupant Survey 
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APPENDIX B 
Survey Scoring Rubric 
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APPENDIX C 
Comparison of Energy Allowances With and Without Air Conditioning 
 
 
Table 19. July 2012 - June 2013, kWh Over Allowances, without Air Conditioning 
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Table 20. July 2012 - June 2013, kWh Over Allowances with Air Conditioning 
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APPENDIX D 
Expanded Building Performance Data 
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